stains, and normal distributions of various elements in tissues (specifically, sulphur in layers of the epidermis).
Much of this work has not yet been published, but the following List can serve as an entry into the existing literature:-Hale, A. J.
'Identification of cytochemical reaction products by scanning X-ray emission microanalysis, ' (1962) From its first analytical applications (Bowman et al, 1955 : Parker, et al, 1957 ) the technique of fluorescence photoelectric spectrometry developed within a decade to become a standard technique for trace organic and inorganic analysis. Reviews and text-books (Bartholomew, 1958 : Hercules, 1966 ) deal with the principles of its analytical application and the excellent text book of Udenfriend (1962) covers the applications in the biochemical field. The possibility of using phosphorescence measurement for analytical purposes was first suggested by Lewis and Kasha (1944) and was subsequently taken up by Freed and Salmre (1958) and by Parker and Hatchard (1962) . It now promises to rival fluorescence measurement as a method for the trace analysis of organic materials. The observation of delayed fluorescence was until recently of interest only to the photo-chemist, but it has now been shown to have potential value as an analytical technique also (Parker et al, 1965) . The object of this paper is to outline briefly the principles of all these techniques and to draw attention to some unusual results obtained with them.
Absorption of light by complex molecules in solution leads ultimately to the formation of molecules in two kinds of excited state (Parker, 1964) . The first is the excited singlet state that typically has a lifetime of about sec. This may return to the ground state with the emission of fluorescence, it may return by other processes that do not involve the emission of light, or it may pass over to the second kind of excited state-s-the triplet state.
In the absence of quenching processes, lifetimes oftriplet molecules are much greater than those of singlet molecules and at low temperatures in rigid media it is possible to observe light emission corresponding to the transition from the triplet state to the ground state. This emission may last for several seconds after the exciting light is shut off and hence it can readily be separated from the prompt fluorescence by means of a phosphoroscope.
This phosphorescence always appears at longer wavelengths than the fluorescence. Its spectrum is characteristic of the compound and provides an additional criterion for identification. Further criteria for identification may be obtained by measuring the excitation spectra of fluorescence or phosphorescence, i.e. the plot of the intensity of luminescence emitted against the wavelength of the light used to excite it. When correctly observed these excitation spectra provide a method of measuring the absorption spectra of the compounds at very low concentrations (Parker, 1958) .
With modern equipment, concentrations of fluorescent or phosphorescent compounds as low as 1 part in 1011 can be measured. One technique of particular value in the analysis of complex organic mixtures for certain components is that due to Shpol'skii (1960) and may be illustrated by reference to the determination of benz(a) pyrene. If a trace of benz(a)pyrene is dissolved in n-octane and the solution frozen to a crystalline mass at liquid nitrogen temperature, the molecules of benz(a)pyrene take up regular positions in the paraffin matrix and a very highly resolved and characteristic vibrational structure appears in the fluorescence spectrum (Parker, 1966) . Many other fluorescent compounds do not produce a sharp spectrum under the same conditions and it is possible to determine very small amounts of benz(a)pyrene in the presence of much larger quantities of other fluorescent materials. For example, it is possible to determine less than lO-11 g. ofbenz(a)pyrene per cubic metre of air without separation from much larger quantities of other fluorescent material present.
Measurement of phosphorescence is particularly effectivein detecting the presence of trace impurities in a pure fluorescent compound. Indeed it is often difficult to prepare a pure specimen of, for example, an aromatic hydrocarbon that does not show the presence of trace impurities. The observation of such impurities in specimens that are reputedly pure may be of significance in biological work. Thus, weak carcinogenic activity has been attributed to 1:2-benzanthracene. In fact it is extremely difficult to remove all impurities from benzanthracene, even by exhaustive zone refining, and clearly the weak carcinogenic activity found with such a specimen might well be due to the presence of a strongly active impurity. Concentrations of acceptor A as low as 10-8 M can be detected in this way and specific components in a mixture of fluorescent compounds can be selectively sensitised so that the determination can be carried out without preliminary separation.
The measurement of fluorescence polarisation is also of value in biochemical research. The degree of polarisation of fluorescence depends on the rate of rotation of the fluorescent molecules. Thus if a small fluorescent molecule is attached to a large protein molecule, the rate of rotation is reduced and hence the degree of polarisation of the fluorescence is increased. By measuring the amount of the increase, the size of the protein molecule can be calculated. Polarisation measurements can also give an insight into the interaction between different parts of a complex molecule.
